Background: This study aimed to identify the anterior and posterior extralaryngeal branches (AELB, PELB) (Folia Morphol 2017; 75, 1: 44-50) 
INTRODUCTION
The recurrent laryngeal nerve (RLN) is a branch of the vagus nerve. The course of the right and left RLN differ within the neck. The left RLN tends to course within the tracheoesophageal groove in the neck, while the right RLN is more commonly identified based on its relationship to the inferior thyroid artery, with the nerve anterior to or among the branches of the artery [18] . While the location of the RLN is relatively well-known, the branching pattern of the RLN as it courses through the neck is not as well studied. This is pertinent information for any surgeon performing a thyroidectomy or parathyroidectomy, as the RLN courses posteromedial to the thyroid gland and posterolateral to the lateral thyroid ligament [2, 9] , which is dissected as part of the thyroidectomy. Surgeons, therefore, must be aware of the potential branching patterns of the RLN. Of particular interest are the extralaryngeal branches: the anterior (AELB) and posterior (PELB) extralaryngeal nerves. While the anatomy of the RLN has been known for centuries, the AELB and PELB were described for the first time in 1957 by Gregg [7] . An extralaryngeal branch (ELB) is defined as any branch that bifurcates from the RLN and pierces the cricothyroid membrane, just inferior to the cricopharyngeus muscle, to innervate the larynx (Fig. 1) . In this study we assessed the incidence of ELB in our sample, then determined the influence of neck length, gender and sidedness on its incidence and on its length.
The significance of the AELB and PELB has been debated in the literature for many years. Previous studies have claimed that the anterior and posterior branches carry adductor and abductor fibres, respectively [7, 15] . Other studies have shown that branches from the AELB run to both adductor and abductor muscles [20, 22] . Still more studies have argued that the branches actually contain separate sensory and motor divisions [10, 18] . In 2009, Serpell et al. [18] , tested this theory using nerve stimulation during thyroidectomy to measure the contraction of the laryngeal constrictors when either the AELB or PELB was stimulated. They found that when the AELB was stimulated, laryngeal constriction occurred. This led to the belief that the motor fibres to the laryngeal constrictors were being carried entirely by the AELB of the RLN when this branch was present [10, 18] . Though damage to the RLN during thyroidectomy is rare, there is greater risk of damage when ELB is present but unidentified. If the AELB is severed without knowledge, the result is the same as if the RLN was damaged; deinnervation of the laryngeal constrictors. Paralysis of the laryngeal musculature results in detrimental side effects for the patient, including hoarseness and (if paralysis is bilateral) collapse of the vocal folds, aphonia and potential suffocation.
The AELB and PELB have been described in several studies using surgical patients undergoing thyroidectomy [2-5, 9-12, 16, 18] , and in cadaveric samples [13, 15, 17, 19, 21] . Though there are some drawbacks to using cadaveric specimens, such as the inability to use a neurostimulator, there are several benefits to using cadaveric specimens. One of these benefits is the ability to completely dissect a nerve without risk of damage to the surrounding structures. In addition, our cadaveric sample includes a relatively equal male to female ratio for comparison between genders. This is not the case in most of the surgical samples previously studied, where the female to male ratio was often greater than 3:1, due to the higher incidence of thyroid disease in women [4, 10-12, 16, 18] . The relative equality between genders in our sample allowed us to accurately compare incidence and length of AELB between genders. We also chose to exclude those specimens with a previous history of thyroid disease from our study. The exclusion of those with thyroid disease is of value because patients with goitre or large cancerous nodules may exhibit stretching of the RLN, resulting in an overestimation of the average AELB length.
The distance from the bifurcation of the AELB and PELB to the cricothyroid membrane is of particular surgical relevance since this distance may influence the approach during thyroidectomy. The ELB has previously been reported to occur approximately 2 cm from the entry point of the nerve into the larynx beneath the cricopharyngeus muscle [3, 11, [16] [17] [18] [19] . We were interested in noting whether the general asymmetry between the right and left RLN would extend to the ELB as well. There was also the possibility that gender would significantly impact the location of bifurcation because changes in the endocrine environment during puberty induce the anteroposterior dimension of the thyroid cartilage to undergo 3 times more growth in males than in females [8] . Overall, increases in length, height, and width of the cartilaginous skeleton of the larynx is greater in men than women [6, 8, 14] , indicating that were the AELB present, it would be longer in males as a result of laryngeal growth during puberty.
It should be noted that previous studies did not consider any nerves that branched within 5 mm of the cricothyroid membrane to be ELB as most RLNs will begin to fan out in the terminal 5 mm of the nerve [3, 9, 11, 12, 18] . Therefore, our study only considered those branches exiting the nerve prior to the 5 mm mark as extralaryngeal.
We were additionally interested in determining whether an individual's neck length is itself a contributing factor in the incidence and branch point of the AELB. Identifying a relationship between any of these variables and the presence and position of the AELB would be of great benefit to surgeons, providing predictors for ELB in their surgical patients. 
MATERIALS AND METHODS
Ninety RLNs from 44 human cadavers were obtained. Cadavers were embalmed. Data was collected from 20 female and 25 male cadavers. Those with a history of thyroid disease, thyroidectomy, or any evidence of palpable thyroid nodules were excluded from this study.
All specimens were dissected and measured by the same individual in order to eliminate interobserver error. Dissection consisted of skinning the neck to reveal the platysma muscle, which was then reflected superolaterally, as was the sternocleidomastoid muscle. The carotid sheath was drawn laterally, and the infrahyoid muscles were reflected superiorly. The RLN was then identified as it entered the neck and coursed superiorly. Once the RLN was located, the isthmus of the thyroid was cut at the midline and the thyroid was carefully reflected laterally, with particular care taken during the dissection of the lateral thyroid ligament. The RLN was followed until its entrance into the larynx through the cricothyroid membrane, just inferior to the cricopharyngeus muscle. Fine dissection was used to determine if multiple branches were present. If an ELB was found, measurement of the AELB from the point of bifurcation to the point of entry into the larynx was taken, using digital Mitutoyo callipers. Two measurements of the nerve were taken and the average calculated. We found that the difference between the two measurements for all individuals was negligible (< 0.05%), so the average of the two was used for analysis. Gender was recorded for all specimens. The cadaver was then put into the prone position, with a 4 × 4 block placed under the thorax to allow the neck flexion necessary to compensate for any head extension due to post-embalming muscle rigidity and cadaver positioning. To ensure that all of the necks were in the same state of flexion, pins were inserted into the lateral aspect of the posterior tubercle of the transverse process of C1 and C7. The pins were then levelled using a spirit level and held in place while the neck length was measured. Total neck length was obtained by measuring from the inferior edge of the spinous process of C7 to the superior nuchal line on the occipital bone. Two measurements were again taken and averaged to increase reliability. Twenty-seven of 45 cadaver neck lengths were measured in this manner; the remaining 18 measurements were not obtained due to previous dissection of the region.
Statistical analysis
Data were recorded in Microsoft Excel and exported into SPSS. Per cent occurrence and average branch length per category were initially calculated. The two sample Student's t-test was used to compare the average length of the AELB on the left and right side, as well as average branch length between males and females, and the average neck lengths of those with and without ELB. The c 2 test was utilised, assuming equal incidence, to assess the occurrence of the ELB on the left and right. Least squares linear regression on logged values was used to analyse the individual relationships between branch length and neck length. Finally, Spearman's rank correlation compared gender and branch length.
RESULTS
Extralaryngeal branching was present in 77.78% (35/45) of specimens, with branching occurring 77.14% (27/35) of the time on the left and 54.29% (19/35) on the right (Table 1) . Overall average length of the AELB was 20.57 mm, in accordance with many previous studies, which averaged 20 mm from the point of bifurcation to the cricothyroid membrane (range 6-40 mm) [3, 11, [16] [17] [18] [19] . Branching occurred in 76% (19/25) of male specimens and in 80% (16/20) of female specimens. Bilateral branching was observed in 31.43% (11/35) of specimens.
Mean length of the AELB on the left was 22.44 mm (range 11.55-28.06 mm), while mean length on the right was 18.71 mm (range 9.20-35.48 mm). This was a statistically significant difference between right and left AELB length (p < 0.05).
Although females more frequently exhibited an ELB, we did not find a significant difference in ELB incidence between genders. There also was no significant difference between the average branch lengths in males compared to females (males 20.08 mm; females 20.78 mm). Within males and females AELB length was comparable on both sides, although average branch length was greater on the left than the right for both genders (female right 19.39 mm, left 22.17 mm; male right 17.97 mm, left 21.74 mm; Table 2 ).
A significant difference between the neck lengths of individuals with and without ELB was evident (p < 0.05). The average neck length with ELB was 110.24 mm, while the average neck length without ELB was 96.68 mm.
When analysed individually, neither gender (r 2 = 0.026) nor neck length (r 2 = 0.062) correlated with AELB length. Gender and neck length are also unrelated, as males displayed an average neck length of 106.36 mm and the average neck length in females was 105.39 mm.
DISCUSSION
The course of the RLN through the neck is of vital importance to head and neck surgeons, particularly during thyroidectomy. The surgeon should take great care to ascertain the presence and location of ELB, in particular the AELB, as it has recently become evident that this branch, when present, carries all of the motor fibres supplying the laryngeal constrictors [10, 18] . This study focused on how one might predict which individuals will have ELB of the RLN.
The incidence of the ELB has proven to conflict among studies, with some reporting an incidence as high as 92.7% [23] and others as low as 18.5% [3] . In turn, some have reported a higher incidence on the right [1, 3, 9] , while others report no significant difference between the sides [18] . Bilateral bifurcations are less common than unilateral bifurcations. The RLN is asymmetric throughout its course in both the thorax and neck, which suggested that additional asymmetry could be present among its branches. In the present study, overall ELB incidence was 77.78%. ELB occurrence on the right was 54.29%, while left ELB was present in 77.14% of our sample, which did not result in a statistically significant difference in the incidence per side. Several previous studies have found that there is a significant difference in occurrence between sides [1, 3, 9] , while others have found a relatively equal incidence for each side [18] . Thus, our findings agree with some of the previous studies, but conflict with others, suggesting sample, and possibly population, specific differences in occurrence.
In addition, we were interested in determining if the length of the right and left AELB differed significantly. In our study, the average point of bifurcation of the RLN into AELB and PELB was 18.71 mm on the right and 22.44 mm on the left, indicating that the average person will have a longer AELB on the left. Surgeons should begin searching for left ELB earlier along the course of the left RLN. Though a difference of approximately 4 mm in length may initially seem of little consequence, when one considers the limited visual field available to a surgeon during thyroidectomy, 4 mm becomes increasingly relevant.
Anterior extralaryngeal branch length and sidedness in the male and female subsamples were also compared. We did not find an appreciable difference between AELB lengths per side, although our values did approach significance. These values indicated that the sample size within our subsample was not large enough, since individual genders did not differ significantly between right and left AELB length, but when the genders were pooled, the difference did attain significance.
The relationship between individual neck length and the incidence and length of the AELB was also a focus. We sought to determine this relationship because a measurement of the neck would be easily accomplished in an office visit, allowing the surgeon to predict the presence of ELB prior to surgery. In our sample, the average neck length of those with ELB was 110.24 mm, while those without ELB had an average neck length of only 96.68 mm. Thus, we concluded that those with longer necks are more likely to have ELB than those with shorter necks. However, we did not find a significant correlation between the neck length and the length of the AELB. We were also interested in determining if there was a difference in the ELB occurrence and the AELB length in males versus females. In this sample, we did not find any significant differences between genders. The average length of both the AELB and the neck were remarkably similar in males and females, thus allowing us to conclude that gender has a negligible effect on these two variables. In addition, the incidence of ELB between males and females did not differ to a significant degree, suggesting that the AELB is as likely to occur in males as females, and that, when present, the bifurcation can be located at approximately the same position along the course of the RLN (~20 mm from the cricothyroid membrane) in both genders.
Limitations of the study
One potential limitation of this study was the sample size. The previous studies conducted in surgical samples observed hundreds of individuals [3, 4, [9] [10] [11] [12] 18] while ours contained 90 RLNs. However, the ability to dissect more invasively with cadaveric specimens allowed us to follow the course of the RLN completely and obtain greater certainty of ELB incidence. In addition, our sample size was decreased by the exclusion criterion involving thyroid gland pathology, but it was essential to exclude these specimens rather than potentially report AELB lengths greater than those present in individuals without any pathology.
CONCLUSIONS
Our study attempted to ascertain whether occurrence and branch length of the AELB of the RLN could be predicted by gender, neck length, or sidedness. We found significant differences in the neck lengths of those with and without ELB and have concluded that neck length can be used as a predictor of the presence of ELB. We have also discovered that the AELB, when present, will be longer on the left than the right. Head and neck surgeons should be aware of these trends in their patients and consider taking a neck measurement prior to operation to determine if the patient is likely to display ELB. However, surgeons should be aware that ELB of the RLN can, and does, occur in many different types of patients and be mindful of this when performing surgical procedures.
